It is patterned after the pellet specification that was prepared by Atomic Energy of Canada, Limited, for use by Los Alamos National Laboratory in fabrication of the test fuel for the Parallex Project, adjusted as necessary to reflect the differences between the Canadian uranium-deuterium reactor and light-waterreactor fuels. This specification and the associated engineering drawing are to be utilized only for preparation of test fuel as outlined in the accompanying Request for Quotation and for additional testing as directed by Oak Ridge National Laboratory or the Department of Energy.
SCOPE
This specification covers the requirements for high-density sintered mixed-oxide (MOX) pellets, based on uranium with additions of plutonium, for partial length fuel elements that represent generic lightwater reactor (LWR) fuel for irradiation testing in the Fissile Materials Disposition Program Light-Water Reactor Mixed-Oxide Fuel Irradiation Test Pr0ject.l Oak Ridge National Laboratory ( O W ) is leading the experiment design for the Department of Energy (DOE). Los Alamos National Laboratory (LANL) is fabricating the test fuel in the TA-55 fuel development laboratory. The test fuel will be irradiated in the Advanced Test Reactor at Idaho National Engineering and Environmental Laboratory (INEEL). This fuel pellet specification may be utilized for applications requiring test fuel pellets including experiments, demonstrations, and physics tests as approved by ORNL or DOE.
For the purposes of this pellet specification, ORNL will be considered the purchaser, and LANL will be considered the supplier. In all cases of MOX pellet manufacture using this specification, the quality assurance (QA) requirements and other requirements of this specification must be applied. Additional QA requirements are to be specified in the Fabrication, Inspection, and Test Plan (FITP) to be produced by LANL and accepted by ORNL. Any modifications to the requirements must be specified in the purchasing documents and agreed to by the supplier and purchaser. In cases of conflict, the provisions of this specification shall take precedence.
Users of this specification should note also that some requirements are in a developmental stage and may be amended (by appropriate revisions to this document) based on experience and/or manufacturer's capability.
APPLICABLE DOCUMENTS
The following documents, in effect on the date of the order for this fuel, shall form a part of this specification. appropriate jurisdictional regulations and standards and this specification.
American Society for Testing and Materials

3.
DEFINITION OF TERMS
The following definitions are used in this specification.
Lot (powder lot).
A lot is defined as a quantity of MOX powder-processed at one time-that is uniform in isotopic, chemical, and physical characteristics.
Primary blend.
A primary blend is defined as a single lot of MOX powder containing -30% plutonium that is to be subsequently diluted with additional uranium to the final plutonium concentration specified in the purchase order.
Secondary blend.
A secondary blend is defined as a single lot of MOX powder formed from dilution of a primary blend with additional depleted urania to the plutonium concentration specified in the purchase order.
Batch (pellet batch or sintering batch).
A batch is a quantity of pellets made by the same process in one sintering run or one production run from a single lot of U02 or Pu02 as identified by the suppliers. All pellets within a pellet batch shall be made from a single powder lot.
Crack.
A crack is a bidimensional discontinuity caused by loss of cohesion in material under the influence of a stress. 6. End-capping and end-flaking. End-capping and end-flaking refer to imperfections localized at the edge of the pellet and connected with a conical bidimensional discontinuity above the pellet face. This type of discontinuity results from loss or weakening of the bond between particles under stress at the end of pressing.
7. Pit. A pit is a discontinuity (cavity, pore) in the surface of the pellet.
Chip (chipping).
A chip is a discontinuity on the surface of the pellet due to breaking of the pellet material under mechanical forces.
9.
Inclusion. An inclusion is foreign material embedded in the pellet matrix that is heterogeneous with the rest of the pellet.
REQUIREMENTS
SAFETY REGULATIONS
The supplier shall comply with all regulations of the applicable regulatory bodies governing criticality, health, safety, and the environment associated with the processing, testing, storing, and shipping of materials and pellets. No other requirement of this specification shall override these regulations.
MANUFACTURING PROCESSES
Manufacturing processes, process qualification, and process controls shall be described in procedures and sequences in the FITP. The FITP shall be submitted to ORNL for review and acceptance prior to the start of operation.
CHEMICAL COMPOSITION
Specified Composition
The finished pellets shall meet the chemical composition as detailed in the purchase order or other documents. This shall be demonstrated by analysis of representative samples taken from each pellet lot. All weapons-grade (WG) plutonium fuel shall be delivered with a nominal total plutonium content in a sintered pellet of 5.00 k 0.05 wt % heavy metal unless otherwise specified in the purchase order.
Impurity Content
Finished pellets shall meet the impurity levels given in Table 1 . The equivalent boron content (EBC), excluding the contribution of any intentionally added absorber, shall not exceed 4.0 using the EBC values given in Table 1 . In the event of noncompliance, the supplier shall submit to the purchaser the results for review and mutual acceptance.
Hydrogen Content
The hydrogen content of finished pellets shall not exceed 1 pg/g. The test procedure shall be accepted by the purchaser through the FITP acceptance process.
Oxygen Content
The MOX pellets shall contain oxygen equivalent to the metal-oxide mixture within the limits of M01.995 to M02.010, including analytical error where M represents the sum of the uranium and plutonium.
Fissile Component
The uncertainty in the reported fissile content of any given pellet shall be no greater than M.01 wt 9 i heavy metal of the nominal composition as specified in the purchase documents.
Chemical Analysis
The supplier shall certify the chemical composition of the finished pellets. This shall be done by analysis of the composition of finished pellets by the supplier or use of the certified powder analyses available.
ISOTOPIC COMPOSITIONS
Material Contents
The isotopic composition of the uranium and plutonium in the pellets shall be as stated in the purchase order or equivalent documentation. The WG plutonium shall have a 239Pu content of 93.4 2 0.1 wt % heavy metal unless otherwise agreed between the purchaser and supplier. The depleted uranium shall have a 235U content of 0.26 k 0.05 wt % heavy metal unless otherwise agreed between the purchaser and supplier. 
Isotopic Analysis
The supplier shall certify the isotopic compositions of pellets made from each lot of MOX powder. The analyses shall report as a minimum the following isotopes: 234U, 235U, 236U, 238U, 238Pu, 239Pu, 24%'u, 241Pu, and 242Pu.
GRINDING
The sintered pellets shall be dry centerless ground to final dimensions. Immediately after grinding, the pellets must be visibly clean before further handling. These processes shall be described in the approved
FITP.
WORKMANSHIP
The surface of finished pellets shall be visibly free from loose MOX powder, oil, or other foreign material.
DIMENSIONS AND FINISH
The finished pellet surface shall be 1.5 pm AA or better. All pellets shall be essentially free from abnormalities and surface imperfections. Surface imperfections are grouped as follows:
1. chipping of the dished and flat ends, 2. chipping of the circumferential surface, 3. pits, 4. inclusions, 5. cracks in pellet surfaces, 6. end-capping and end-flaking, 7. noncleanup, and 8. grinding marks.
visually inspected and compared to applicable LANL visual standards as described in the FITP.
The following dimensions for abnormalities and surface imperfections are nominal. Pellets shall be
Chipping of the Dished and Flat Ends
Chips spaced closer than 3.0 mm shall be considered as a single chip. Chips less than 0.1 mm deep and chips located wholly within 0.5 mm of the pellet corner shall be
The major dimension of any single chip shall not exceed 30% of the pellet diameter, and the total discounted.
length of all chips shall not exceed 100% of the pellet diameter in the major dimension.
Chipping of the Circumferential Surface
Chips on the circumferential surface with major dimensions not exceeding 0.5 mm and chips wholly within 0.5 mm of the pellet corner shall be discounted. Pellets with chips located on the cylindrical surface are acceptable if the total length of chips is not in excess of 75% of the pellet diameter.
Pits
Pits in any surface with major dimensions not exceeding 0.5 mm shall be discounted. Pellets with pits shall be acceptable if (1) no pit is larger than 2.5 mm, (2) no more than two pits are larger than 1.0 mm, and (3) no more than 15 pits are larger than 0.5 mm.
Inclusions in Pellet Surface
Inclusions with major dimensions not exceeding 0.2 mm shall be discounted. Pellets with inclusions are acceptable if (1) no inclusion is larger than 0.6 mm and ( 2 ) no more than two inclusions are in the pellet surface. If any inclusions are removed, requirements for chips and pits shall apply.
Cracks in Pellet Surfaces
Pellets with circumferential cracks away from pellet ends (2 mm or more away from the edge of the ground surface) are acceptable if the crack length (individual or aggregate) is below 50% of the pellet circumference.
Cracks on the end face shall not exceed 50% of the pellet diameter. Pellets with cracks within 2 mm from the edge of the ground surface are acceptable if (1) defect length (individual or aggregate) is below 50% of the pellet circumference and ( 2 ) the pellets show adequate resistance to chipping in the defected area. A drop test shall be used to test pellets for acceptability; the test shall be agreed on by the purchaser and the supplier.
End-Capping and End-Flaking
Pellets showing end-capping or end-flaking are not acceptable.
Noncleanup
Ground pellets that contain an area of unground surface (noncleanup) shall be acceptable if 1. they represent less than 5% of the total batch, 2. the noncleanup extends no more than 75% of the pellet length, 3. at least 10% of the pellet length at each end of the pellet is ground to the required diameter, and 4. the pellets otherwise meet the specified diametral clearance in the cladding tube.
Grinding Marks
Pellets containing visible grinding wheel marks shall be unacceptable, unless said marks do not exceed 0.05 mm in depth. Pellets with grinding wheel marks that extend more than two revolutions of the pellet circumference are unacceptable.
DENSITY
The sintered pellet density shall be 95% f 1% of the theoretical density of a solid solution of the mixed oxides at the target composition. The theoretical density shall be as specified in the relevant purchase order.
At least ten pellets per batch shall be tested for densification in a resintering test. The pellets will be resintered at a temperature of 1750°C f 50°C for a minimum 24-h period in a reducing environment consisting of Ar-6%H2. The mean density change shall be less than 1.5% of theoretical density. 
PELLET DIMENSIONS
MICROSTRUCTURE
Grain Structure
A longitudinal cross-section on the diameter of the pellet, prepared and examined in accordance with the procedure described in Appendix A, shall show (I) no visible boundaries of granules persisting from the powder and (2) an average grain size between 5 and 35 pm. The grain size distribution and pore size distribution are not specified, but shall be measured and reported.
Homogeneity
1. For macroscopic quantities of -0.5-g mass or larger, the concentration of fissile plutonium shall not deviate from that specified on the drawing or in the purchase agreement. The weight percent concentration of fissile plutonium shall be defined as the weight of 239Pu + 241Pu divided by the weight of total uranium plus plutonium metal.
2. The homogeneity of the plutonium content shall be demonstrated through analysis of representative macroscopic samples as defined above. Such representative samples obtained from finished pellets shall be in accordance with the purchase agreement such that the total plutonium content, defined as the weight of plutonium metal divided by the sum of the weights of plutonium and uranium, does not depart from the nominal by more than +1% relative.
3.
No more than 5% of the nominal Pu02 content shall be present in Pu02-rich (having a plutonium content greater than 150% of the nominal bulk composition) particles of diameter greater than 200 pm. The method of measurement shall be by agreement between the purchaser and supplier. Area percent and volume percent should be considered equivalent if the homogeneity requirements of item 1 are satisfied.
Following the procedure in NE F11-4T, a figure of merit value (M = 0.98) for fuel pellet homogeneity may be established.
QUALITY ASSURANCE REQUIREMENTS
GENERAL
Pellet manufacture, inspection, and documentation shall be in accordance with 10 CFR 830.120, Quality Assurance Requirements, and with the applicable LANL Quality Assurance Program requirements. Additional QA requirements will be specified in the purchase order.
ACCESS
The supplier shall provide reasonable access to the manufacturing facility for the purchaser's representatives to ensure that the provisions of this specification are met.
ISOTOPIC COMPOSITION
The purchaser reserves the right to verify the isotopic composition of samples taken from any pellet batch or powder lot and to reject batches or lots that fail to comply with the composition specified in the purchase order.
NUMBER OF TESTS
Sampling and frequency of testing shall be specified in the FITP and shall be as agreed between the supplier and purchaser.
RETESTING
If any sample or specimen is obviously not representative of the batch or of the lot due to improper preparation or testing, it shall be discarded and replaced by a new sample or specimen. If any of the test results do not meet the specification requirements, retesting shall be performed as mutually agreed between the supplier and purchaser. The suffix "R" shall be used to indicate retest results.
SIGNIFICANCE OF NUMERICAL VALUES
To determine the compliance with specified limits of property requirements, an observed or calculated value shall be rounded off in accordance with ASTM E29.
MATERIALS
Certified material test reports shall be included in the history file.
PELLET STORAGE, PACKAGING, AND SHIPPING
Pellet storage, packaging, and shipping shall be subject to appropriate DOE, Department of Transportation, NRC, and other jurisdictional regulations and approvals. Transportation of nuclear materials for the LWR MOX Fuel Irradiation Demonstration Test shall be handled by each DOE shipper site. The project's general plan for the transportation of nuclear materials shall be contained in the Transportation Plan for the FMDP LWR MOX Fuel Irradiation Test P r~j e c t .~
